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Optimal Tari®s, Green Consumers, and
Negative Environmental Externalities:
A Case of Foreign Duopoly
in Environmentally Di®erentiated
Product Market
??????? ?
Based on Toshimitsu (2008), we consider an optimal tari® policy in
the presence of green consumers who di®er in terms of their willingness
to pay for environmentally di®erentiated products. Environmental damage
caused by polluting wastes and e²uents from the consumption of imported
products is external to individual consumers. More speci¯cally, we show
that optimal tari® rates depend on the mode of competition and the
degree of marginal social valuation of environmental damage. That is,
an importing government should charge a tari® on a dirtier (cleaner)
product in the case of a Bertrand (Cournot, respectively) duopoly, if
the magnitude of marginal social valuation of environmental damage is
su±ciently large. Otherwise, free trade is optimal.
Tsuyoshi Toshimitsu
?? JEL?D43, F12, F13, Q28
Key words?green consumers, negative consumption externalities; environ-
mentally di®erentiated products; ad valorem tari®s; Bertrand
duopoly; Cournot duopoly
|473|
?????? 63 ?? 3 ?
1 ????
?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????
??????????????????????????????????
????????????????????????????????????
?????????????????????Conrad, 1993; Kennedy, 1994;
Mani, 1996; Neary, 2006???????????????????????
???????????????????????????????????
???????????????Das and Donnenfeld?1987??Herguera, et
al.?2002??Moraga-Gonz¶alez and Viaene?2005??Polavarapu and Vaidya
?1996a, b??????????????????????????????
?????????
??????????????????????????????????
???????????????????????????????????
???????????????????Arora and Gangopadhyay?1995?
?Moraga-Gonz¶alez and Padr¶on-Fumero?2002?????????????
????? Toshimitsu?2008???????????1)????Eaton and
Grossman?1986???????????????????????????
???????????????????????????????????
2???????????????????????
1) ???Toshimitsu?2008???????????????????????????????
????????????????
|474|
?????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????
???? 2??????????? 3????????????????
???????????????????????????????????
? 4????????????????????????????????
??? 5??????????????
2 ???
2.1 ?????????????????
?????????????????????????????????
???????????????????????????????????=
???????????????????????????????????
???????????????????????????????????
??????????????????????
?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? µ ?????????µ 2 [0; 1]??????????????
????????????????? µ ? 1(0)?????????????
????????????????????????????????????
????????????????????????????? 1????
?????????????????????????????????
|475|
?????? 63 ?? 3 ?
?? e????????????? 1??????????????????
???????????????? µ ????????????????
u = maxfv ¡ eµ ¡ p; 0g; e 2 (0; 1): (1)
????v ??????????????????????????????
???????????????????????????????p???
???????????????????????????????????
???
????????????????? 2????????????????
????????? 1?????????????????????????
?????????????????????????? D(C)??????
????1 > eD > eC > 0????
(1)????????????????????????????????
???????????????????????????????????
?????????????? ~µ =
pC ¡ pD
eD ¡ eC ??????????????
??????????????????????????????????
µ^ =
v ¡ pC
eC
???2)??????????????
µ^ > ~µ , v > eDpC ¡ eCpD
eD ¡ eC : (2)
? (2)??????~µ < µ < µ^??????????? µ??????0 · µ < ~µ
??????????? µ ??????????????3)?
????????????????????? µ = 1????
1 > (<)~µ , eD + pD > (<)eC + pC ; (3.1)
1 > (<)µ^ , eC + pC > (<)v (3.2)
???????????(2)??????(3.1)??????eD¡eC < pC¡pD
2) ?????????????v > pC > pD ??????????????????? 1 ??
?????????????????????????? 2 ???????????????
?????
3) ???????????????????????????????????????????
???????? µ¸ =
v ¡ pD
eD
????(2) ???????µ^ > µ¸ > ~µ ??????
|476|
?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????
????(3.1)?? (3.2)??????eD ¡ eC > pC ¡ pD ? v > eC + pC
???????????????????????????????????
??????????????????????????1 > µ > ~µ ????
???????????????????????~µ ¸ µ ¸ 0???????
???????????????????????????????????
??????????????????????????????????
???????????????? 2?????????????????
?????????????
????(3.1)?? (3.2)??????eD ¡ eC > pC ¡ pD ? eC + pC > v
???????????????????????????????????
??????????????????????????????????
??????1 > µ > µ^ ????????????????????????
???µ^ ¸ µ > ~µ ???????????????????????????
??~µ ¸ µ ¸ 0???????????????????????????
???????????????????????????????????
???????????????????? 2??????????????
????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???
???????????? v?????????????????????
??????????4)?
4) ???????????????????????????????????????????
??????????????????????????????????
|477|
?????? 63 ?? 3 ?
eC + pC > v >
eDpC ¡ eCpD
eD ¡ eC : (4)
????????????????????????????????????
????????????qD(qC)???????????????????
????????????????????
qD = ~µ =
pC ¡ pD
eD ¡ eC ; (5.1)
qC = µ^ ¡ ~µ = eD(v ¡ pC)¡ eC(v ¡ pD)
eC(eD ¡ eC) : (5.2)
??????? 2?????????????????????
pD = v ¡ eDqD ¡ eCqC ; (6.1)
pC = v ¡ eC(qD + qC): (6.2)
2.2 ?????????????????
??????????????????????????????????
???????????????????????????????????
????????
FD = ®e
¡"
D ; (7.1)
FC = e
¡"
D : (7.2)
????" ¸ 2 ????Moraga-Gonz¶alez and Padr¶on-Fumero, 2002; As-
sumption 2??????????????????????????????
???????????????????????????????????
???® > 1????
?????????????????????????????????
(¿i; 0 · ¿i < 1; i = C;D)????????? i(i = C;D) ??????
~¼i = (1¡ ¿i)Ri¡Fi(ei)??????????Ri ´ piqi ?????????
????????¼i ´ Ri ¡ tiFi(ei)??????????ti = 1
1¡ ¿i ; ti ¸
1; i = C;D ??????????ti~¼i = ¼i ????
|478|
?????????????????????????????????
2.3 ?????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????
E = eDqD + eCqC : (8)
????????????????
CS =
Z ~µ
0
(v ¡ eDµ)dµ ¡ pDqD +
Z µ^
~µ
(v ¡ eCµ)dµ ¡ pCqC : (9)
?????????????(8)?? (9)?????????????????
WN =W ¡ °E; (10)
?????????????W ´ CS + TC + TD ????????????
??????????????????????? Ti ´ ¿iRi; i = C;D ??
??????????°(¸ 0)?????????????????????
?????
(10)????????????????????????????????
dWN =
@WN
@¿D
d¿D +
@WN
@¿C
d¿C
=

@W
@¿D
¡ ° @E
@¿D

d¿D +

@W
@¿C
¡ ° @E
@¿C

d¿C : (11)
???????????????????????
d~¼i
d¿i
= ¡¼i + ti @¼i
@ti
and
d~¼i
d¿j
=
@¼i
@tj
t 2j
ti
; i; j = C;D; i 6= j (12)
????
?????? 3????????????? 1????????????
??????? 2???????????????????????????
??????????????????????????? 3???????
???????????????????????????????????
???????????????????????????????????
?????backward induction????????????????????
|479|
?????? 63 ?? 3 ?
????????
3 ???????????????????
3.1 ???????????????? 5)
? 3???????????????????????????????
?????????????????? B ???????????????
qBD =
1
4eD ¡ eC v; (13.1)
qBC =
2eD
eC(4eD ¡ eC)v: (13.2)
???????????????????????????????????
?????????????
RBD =
eD ¡ eC
(4eD ¡ eC)2 v
2; (14.1)
RBC =
4eD(eD ¡ eC)
eC(4eD ¡ eC)2 v
2 (14.2)
?????? 1????
(14.1)?? (14.2)?????????????????????????
????? 1??????????????????????
¡ (4eD ¡ 7eC)
(4eD ¡ eC)3 v
2 ¡ tDF 0D = 0; (15.1)
¡ 4eD(4e
2
D ¡ 3eDeC + 2e 2C )
e 2C (4eD ¡ eC)3
v2 ¡ tCF 0C = 0: (15.2)
? (15.1)?? (15.2)???? 2????????????????????
????Moraga-Gonz¶alez and Padr¶on-Fumero, 2002; Proposition 3????
???????????????????????????????????
?????????????????????????????
???????????????????????????(15.1)?? (15.2)
???????????????????????????
5) ??????????Toshimitsu?2008?, 3.1, pp. 118-119 ????????
|480|
?????????????????????????????????
dei
dti
=
F 0i
¢B
@2¼Bj
@e 2j
> 0; (16.1)
dei
dtj
= ¡ F
0
j
¢B
@2¼ Bi
@ei@ej
> 0: (16.2)
????dti = t 2i d¿i; i; j = C;D; i 6= j;¢B > 0?????? 2??????
1? (A.2.3)?? (A.2.4)???????????????????????
???????????????????????????????????
???????????????????????????????????
D??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????
(8)?? (13.1)?? (13.2)??????????????????
EB = eDq
B
D + eCq
B
C =
3eD
4eD ¡ eC v (17)
?????????
@EB
@eD
= ¡ 3eC
(4eD ¡ eC)2 < 0???
@EB
@eC
=
3eD
(4eD ¡ eC)2 >
0??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????
???????????????????????????(17)?? tD ?
??????????????
dEB
dtD
=
3v
(4eD ¡ eC)2

eD
@eC
@tD
¡ eC @eD
@tD

:
|481|
?????? 63 ?? 3 ?
(16.1)?? (16.2)??????????????????????????
? 2????
dEB
dtD
¸ (<)0, eD
@eC
@tD
eC
@eD
@tD
¸ (<)1, ¡eD
@2¼ B
C
@eC@eD
eC
@2¼ BC
@e 2C
¸ (<)1, 2 ¸ (<)´C :
(18)
(7.1)?? (7.2)???????????????´i =
eiF
00
i
¡F 0i
= "+ 1 > 2; i =
C;D????????
dEB
dtD
< 0????????????????????
?????????????????????????????
dEB
dtC
¸ (<)0, ´D ¸ (<)2: (19)
´D > 2????
dEB
dtC
> 0???????????? 1????
?? 1????????????????????????????????
????????????????
3.2 ???????????????
?????????????????????????????????
??discriminatory tari®s?????????????????(11)????
??????????????? dWBN =
@WBN
@¿D
d¿D +
@WBN
@¿C
d¿C ??
???????????????????????????????????
?????????????????? 4????
@WBN
@¿D
. @tD
@¿D
=

@CSB
@eD
@eD
@tD
+
@CSB
@eC
@eC
@tD

¡ °

@EB
@eD
@eD
@tD
+
@EB
@eC
@eC
@tD

?+ ¿D

@R BD
@eD
@eD
@tD
+
@R BD
@eC
@eC
@tD

+
R BD
@tD=@¿D
?+ ¿C

@R BC
@eD
@eD
@tD
+
@R BC
@eC
@eC
@tD

(20.1)
= 0;
|482|
?????????????????????????????????
@WBN
@¿C
. @tC
@¿C
=

@CSB
@eD
@eD
@tC
+
@CSB
@eC
@eC
@tC

¡ °

@EB
@eD
@eD
@tC
+
@EB
@eC
@eC
@tC

?+ ¿D

@R BD
@eD
@eD
@tC
+
@R BD
@eC
@eC
@tC

+¿C

@R BC
@eD
@eD
@tC
+
@R BC
@eC
@eC
@tC

?+
R BC
@tC=@¿C
(20.2)
= 0:
??????????????????????????????????
@CSB
@eD
= ¡ (28eD + 5eC)
2(4eD ¡ eC)3 v
2 < 0;
@CSB
@eC
= ¡eD(2eD + eC)(4eD ¡ 5eC)
e 2C (4eD ¡ eC)3
v2 < (>)0, 5
4
< (>)
eD
eC
???????????? 2??????
eD
eC
>
7
4
???????????
@CSB
@eC
< 0?????????????????????????????
?????????????????????????????(16.1)??
(16.2)????????(20.1)???? (20.2)???? 1????????
?????????? 3.1???????????????????????
??????????????????(20.1)???? 5?????????
(20.2)???? 5???????
???????? (¿D = ¿C = 0)??????????????????
???????(20.1)????????????????????????
???
@WBN
@¿D

¿D=¿C=0
¸ (<)0, ° ¸ (<)°^B ´ @CS
B=@tD
@EB=@tD
:
????
@CSB
@tD
´ @CS
B
@eD
@eD
@tD
+
@CSB
@eC
@eC
@tD
< 0???
@EB
@tD
´ @E
B
@eD
@eD
@tD
+
@EB
@eC
@eC
@tD
< 0???6)?????(20.2)????????????????
?????????
@WBN
@¿C

¿D=¿C=0
< 0??????
6) ????????????
R BD
@tD=@¿D
???????????????????
|483|
?????? 63 ?? 3 ?
??????????????????????????????????
???????????????? (° < °^B)??????????????
?????????????????????????????
????????????????????? (° > °^B)????????
???????????????????????????????????
???????????????????????????????????
???????????????¿ BC = 0???????????(20.1)?
??
¿ BD =
@CSB
@tD
¡ ° @EB
@tD
+
R BD
@tD=@¿D
¡ @R BD
@tD
(21)
???????
@R BD
@tD
=
@R BD
@eD
@eD
@tD
+
@R BD
@eC
@eC
@tD
< 0?????????
??????????????????
?? 2????????? 2?????????????????????
???????????????????? (° > °^B)??????????
(21)????????????????????????????????
????? (¿ BC = 0)????????????????????????
????? (° < °^B)????? (¿ BC = ¿ BD = 0)???????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????
d~¼ BD
d¿ BD
= ¡¼ BD + @¼
B
D
@tD
tD = ¡¼ BD + @R
B
D
@eC
@eC
@tD
tD < 0; (22.1)
d~¼ BC
d¿ BD
=
@¼ BC
@tD
t 2D
tC
=
@R BC
@eD
@eD
@tD
t 2D
tC
> 0: (22.2)
???????????????????????????????????
???????????????? D(C)?????????????
|484|
?????????????????????????????????
4 ??????????
4.1 ???????????????? 7)
?????????????????????????????????
????????????????????? Eaton and Grossman?1986?
???????????????????????????????????
?????????????????????????????????
??????????????????????????????????
???????????? C?????????????????????
????????????????????????
q CD (eD; eC) =
1
4eD ¡ eC v; (23.1)
q CC (eD; eC) =
2eD ¡ eC
eC(4eD ¡ eC)v: (23.2)
???????????????????????????
R CD (eD; eC) =
eD
(4eD ¡ eC)2 v
2; (24.1)
R CC (eD; eC) =
(2eD ¡ eC)2
eC(4eD ¡ eC)2 v
2: (24.2)
??????????????????? 3???????
????? 2???????????????????????????
????(24.1)?? (24.2)????? (7.1)?? (7.2)??????????
??????????????? 1??????????????????
???
¡ 4eD + eC
(4eD ¡ eC)3 v
2 ¡ tDF 0D(eD) = 0; (25.1)
¡ (2eD ¡ eC)(8e
2
D ¡ 2eDeC + e 2C )
e 2C (4eD ¡ eC)3
v2 ¡ tCF 0C(eC) = 0: (25.2)
???????????????????(25.1)?? (25.2)???????
???????????????????????????? 2??????
7) ???????Toshimitsu?2008?, 3.2, pp. 119-121 ????????
|485|
?????? 63 ?? 3 ?
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
3??????????????????????????????????
???????????????????????????????????
?????????????????????? 3????
(25.1)?? (25.2)?????????????????????????
???????????????????????
dei
dti
=
F 0i
¢C
@2¼ Cj
@e2j
> 0; i; j = C;D; i 6= j; (26)
deD
dtC
= ¡ F
0
C
¢C
@2¼ CD
@eD@eC
< 0; (27.1)
deC
dtD
= ¡ F
0
D
¢C
@2¼ CC
@eC@eD
> 0: (27.2)
???¢C > 0???????? 2???????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????
?????????????????????????????????
?????????????????????????
EC(eD; eC) =
3eD ¡ eC
4eD ¡ eC v: (28)
???eCq CC > eDq
C
D ????????????????????????
?????????????????????????????(28)???
@EC
@eD
=
eC
(4eD ¡ eC)2 v > 0???
@EC
@eC
= ¡ eD
(4eD ¡ eC)2 v < 0????
???????????????????????????????????
???????????????????????????????????
|486|
?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????
???????????????????????????????
dEC
dtD
=
@EC
@eD
@eD
@tD
+
@EC
@eC
@eC
@tD
=
v
(4eD ¡ eC)2

eC
@eD
@tD
¡ eD @eC
@tD

:
(26)?? (27.2)???????????????? (18)?????????
????????
dEC
dtD
> 0??????????????????????
?????????????(26)?? (27.1)???????
dEC
dtC
< 0??
??????????? 3???????
?? 3?????????????????????????????????
?????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????
4.2 ???????????????
3.2????????????????????????????????
???????????
|487|
?????? 63 ?? 3 ?
@WCN
@¿D
. @tD
@¿D
=

@CSC
@eD
@eD
@tD
+
@CSC
@eC
@eC
@tD

¡ °

@EC
@eD
@eD
@tD
+
@EC
@eC
@eC
@tD

?+ ¿D

@R CD
@eD
@eD
@tD
+
@R CD
@eC
@eC
@tD

+
R CD
@tD=@¿D
?+ ¿C

@R CC
@eD
@eD
@tD
+
@R CC
@eC
@eC
@tD

(29.1)
= 0;
@WCN
@¿C
. @tC
@¿C
=

@CSC
@eD
@eD
@tC
+
@CSC
@eC
@eC
@tC

¡ °

@EC
@eD
@eD
@tC
+
@EC
@eC
@eC
@tC

?+¿D

@R CD
@eD
@eD
@tC
+
@R CD
@eC
@eC
@tC

+¿C

@R CC
@eD
@eD
@tC
+
@R CC
@eC
@eC
@tC

?+
R CC
@tC=@¿C
(29.2)
= 0:
??????????????????????????????????
???????
@CSC
@eD
= ¡ (12eD ¡ 7eC)
2(4eD ¡ eC)3 v
2 < 0;
@CSC
@eC
= ¡16e
3
D ¡ 12e 2D eC + 2eDe 2C + e 3C
2e 2C (4eD ¡ eC)3
v2 < 0:
? (26)?? (27.2)??? (29.1)???? 1?????????????(29.2)
???? 1??????????????????
@CSC
@eD
@eD
@tC
+
@CSC
@eC
@eC
@tC
> (·)0
, eCeD(12eD ¡ 7eC)

¡eC @
2¼ CC
@eC@eD

> (·)(16e 3D ¡ 12e 2D eC + 2eDe 2C + e 3C )

¡eD @
2¼ CC
@e 2C

:
????????????´D > 2???????????????????
|488|
?????????????????????????????????
eCeD(12eD ¡ 7eC) < 16e 3D ¡ 12e 2D eC + 2eDe 2C + e 3C ;
¡eC @
2¼ CC
@eC@eD

<

¡eD @
2¼ CC
@e 2C

:
??????(29.2)???? 1?????????????????????
? 3?? (29.1)???? 2????????????(29.2)???? 2??
????????
???(29.1)?? (29.2)??????????????????????
???????????
@WCN
@¿D

¿D=¿C=0
< 0; (30.1)
@WCN
@¿C

¿D=¿C=0
¸ (<)0, ° ¸ (<)°^C ´ @CS
C=@tC
@EC=@tC
: (30.2)
???
@CSC
@tC
´ @CS
C
@eD
@eD
@tC
+
@CSC
@eC
@eC
@tC
< 0???
@EC
@tC
´ @E
C
@eD
@eD
@tC
+
@EB
@eC
@eC
@tC
< 0????
??????????????????????????????? (° <
°^C)?????????????????????????????????
????????????? (° > °^C)?????????????????
??????
¿ CD = 0; (31.1)
¿ CC =
@CSC
@tC
¡ ° @EC
@tC
+
R C
C
@tC=@¿C
¡ @R CC
@tC
> 0; (31.2)
???
@R CC
@tC
=
@R CC
@eD
@eD
@tC
+
@R CC
@eC
@eC
@tC
< 0??????????????
4????????????
?? 4????????? 2?????????????????????
???????????????????? (° > °^C)??????????
(31.2)????????????????????????????????
????? (¿ CC = 0)?????????????????????????
|489|
?????? 63 ?? 3 ?
??????? (° < °^C)????? (¿ CC = ¿ CD = 0)???????????
?? 3? 4????????????????????????????
??????????????????????????????????
??????? 1? 2?????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????
??????????????????????????????????
????? (¿CD = 0; ¿
C
C > 0)???????????????????(12)
??(26)??(27.1)????? (27.2)????????????
d~¼ CD
d¿ CC
=
@R CD
@eC
@eC
@tC
t 2C
tD
> 0; (32.1)
d~¼ CC
d¿ CC
= ¡¼ CC + @R
C
C
@eD
@eD
@tC
tC < 0: (32.2)
??????????????????????? D(C)?????????
??????
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5 ??
?????????????????????????????????
?=??????????????????????????????????
???????????????????????????????????
??????????????????? 2???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????????????????????????(1)??????
u = maxfv ¡ eµ ¡ p¡ °E;¡°Eg???????????????????
???????????????????????????????????
??????????
?????GATT/WTO??????????????????????
???????????????????????????????????
???????????????????????????????????
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???????????????????????????????????
??????LeClair and Franceschi?2006???????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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?? 1
???????? 1????????(14.1)?? (14.2)?????????
@RBD
@eD
= ¡ (4eD ¡ 7eC)
(4eD ¡ eC)3 v
2 ¸ (<)0, 7eC ¸ (<)4eD; (A.1.1)
@RBC
@eC
= ¡4eD(4e
2
D ¡ 3eDeC + 2e 2C )
e 2C (4eD ¡ eC)3
v2 < 0; (A.1.2)
@RBD
@eC
= ¡ 2eD + eC
(4eD ¡ eC)3 v
2 < 0; (A.1.3)
@RBC
@eD
=
4(2eD + eC)
(4eD ¡ eC)3 v
2 > 0: (A.1.4)
? (A.1.1) ????????????????
7
4
<
eD
eC
?????????
(A.1.3)?? (A.1.4)????????????????????? D(C)?
???????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????2????????
@2RBD
@e2D
=
16(2eD ¡ 5eC)
(4eD ¡ eC)4 v
2 ¸ (<)0, 2eD ¸ (<)5eC ; (A.2.1)
@2RBC
@e 2C
=
4eD(32e
3
D ¡ 32e 2D eC + 12eDe 2C ¡ 6e 3D )
e 3C (4eD ¡ eC)4
v2 > 0; (A.2.2)
@2RBD
@eD@eC
=
2(8eD + 7eC)
(4eD ¡ eC)4 v
2 > 0; (A.2.3)
@2RBC
@eC@eD
=
8(5eD + eC)
(4eD ¡ eC)4 v
2 > 0: (A.2.4)
? (A.2.1)?????????????? 2??????????????
???
eD
eC
>
5
2

>
7
4

??????????? 2????????????
??(7.1)?????????????????? 2?????????F
00
D =
"(" + 1)®e¡"¡2D > 0???????????????????(A.2.3)??
(A.2.4)???????????????????????????????
???????????
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?? 2
(15.1)?? (15.2)?????????????????????????
??????????????2????????????????????
????????????????26664
@2¼ kD
@e2D
@2¼ kD
@eD@eC
@2¼ kD
@eC@eD
@2¼ kC
@e2C
37775
24deD
deC
35 =
24F 0D dtD
F 0C dtC
35 ; k = B;C: (A.3)
(A.3)???????????????????????
¢k =
@2¼ kD
@e 2D
@2¼ kC
@e 2C
¡ @
2¼ kD
@eD@eC
@2¼ kC
@eC@eD
; k = B;C: (A.4)
??????? 2?????????
ei
@2R ki
@e 2i
+ ej
@2R ki
@ei@ej
= ¡2@R
k
i
@ei
; i; j = C;D; i 6= j; k = B;C; (A.5.1)
¡ @R
k
i
@ei
= ¡tiF 0i ; i = C;D; k = B;C: (A.5.2)
??????(A.5.1)?? (A.5.2)????????(A.4)?????????
???????
¢k=
eD
eC
@2R kD
@eD@eC

¡tD F
0
D
eD

(´D ¡ 2) + eC
eD
@2R kC
@eC@eD

¡tC F
0
C
eC

(´C ¡ 2)
+

¡tD F
0
D
eD

(´D ¡ 2)

¡tC F
0
C
eC

(´C ¡ 2) ; k = B;C; (A.6)
????´i ´ eiF
00
i
¡F 0i
= "+ 1 > 2; i = C;D:
???????????? ??? 1? (A.2.3)?? (A.2.4)??????
?????????????????????????????¢B > 0??
????????????????????????????? 3? (A.8.3)
?? (A.8.4)?????????????????????????????
??????????¢C > 0????????
?? 3
(24.1)?? (24.2)????????? 1????????
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@RCD
@eD
= ¡ 4eD + eC
(4eD ¡ eC)3 v
2 < 0; (A.7.1)
@RCC
@eC
= ¡ (2eD ¡ eC)(8e
2
D ¡ 2eDeC + e2C)
e2C(4eD ¡ eC)3
v2 < 0; (A.7.2)
@RCD
@eC
=
2eD
(4eD ¡ eC)3 v
2 > 0; (A.7.3)
@RCC
@eD
=
4(2eD ¡ eC)
(4eD ¡ eC)3 v
2 > 0: (A.7.4)
? (A.7.3)?? (A.7.4)????????????????????????
??????????????????????????
????2?????????????????
@2RCD
@e 2D
=
16(2eD + eC)
(4eD ¡ eC)4 v
2 > 0; (A.8.1)
@2RCC
@e 2C
=
2(64e 4D ¡ 64e 3D eC + 24e 2D e 2C ¡ 4eDe 3C + e 4D )
e 3C (4eD ¡ eC)4
v2 > 0; (A.8.2)
@2RCD
@eD@eC
= ¡2(8eD + eC)
(4eD ¡ eC)4 v
2 < 0; (A.8.3)
@2RBC
@eC@eD
=
8(eD ¡ eC)
(4eD ¡ eC)4 v
2 > 0: (A.8.4)
? (A.8.3)??????????????????????????????
????? D???????????????? D????????????
??????????????????????????????????
??????????????????(A.8.4)?????????????
?????????????????????? C???????????
????? C????????????????????????????
??????????????????????????
?? 4
(1) ??????????
???????????(20.1)?? (20.2)??????????????
???????
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¿D =
n
@CSB
@tD
¡ ° @EB
@tD
+
R B
D
@tD=@¿D
o
¡ @R BC
@tC

+
n
@CSB
@tC
¡ ° @EB
@tC
+
R B
C
@tC=@¿C
o
@R B
C
@tD

­B
;
(A.9)
¿C =
n
@CSB
@tC
¡ ° @EB
@tC
+
R B
C
@tC=@¿C
o
¡ @R BD
@tD

+
n
@CSB
@tD
¡ ° @EB
@tD
+
R B
D
@tD=@¿D
o
@R B
D
@tC

­B
;
(A.10)
????­B =

@R BD
@eD
@R BC
@eC
¡ @R
B
D
@eC
@R BC
@eD

@eD
@tD
@eC
@tC
¡ @eD
@tC
@eC
@tD

> 0:
????????????
@CSB
@ti
´ @CS
B
@eD
@eD
@ti
+
@CSB
@eC
@eC
@ti
;
@EB
@ti
´ @E
B
@eD
@eD
@ti
+
@EB
@eC
@eC
@ti
;
@R Bj
@ti
´ @R
B
j
@eD
@eD
@ti
+
@R Bj
@eC
@eC
@ti
; i; j = C;D:
???????????????????????????????????
?? (1 > ¿D ¸ 0; 1 > ¿C ¸ 0)?
(2) ??????????
?????(1) ?????????????????????(29.1) ??
(29.2)????????????????????????????????
??????????????????????????????????D
???????????????????????????????????
??????? 4??????????
????
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